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Summary
Introduction:  Although  the  literature  has  conﬁrmed  the  short  and  intermediate  term  efﬁcacy  of
three-component  mobile-bearing  total  ankle  arthroplasty  (TAA),  the  development  of  progressive
periprosthetic  bone  abnormalities  threatens  the  intermediate  and  long  term  survival  of  these
implants.  The  aim  of  this  study  was  to  evaluate  whether  TAA  quality  requirements  were  met  and
analyze radiological  changes  in  arthroplasties  performed  by  members  of  the  French  Western
Orthopedics  Society.
Materials  and  methods:  This  retrospective  multicenter  study  included  173  patients  who  under-
went three-component  mobile-bearing  arthroplasty  between  1997  and  2010  in  eight  centers  in
western France.  The  etiology  was  osteoarthritis  (OA)  in  78%  of  cases  and  rheumatoid  arthropa-
thy in  13%  of  cases.  The  radiographic  assessment  included  preoperative  and  ﬁnal  postoperative
standing anteroposterior  (AP)  and  lateral  view  radiographs.  Radiographs  were  reviewed  for
ankle alignment,  improper  implant  positions,  and  periprosthetic  bone  anomalies.  Intrapros-
thetic range  of  motion  was  evaluated  in  111  cases  on  dynamic  radiographs.
Results:  Mean  follow-up  was  34  months  (±  5).  Fifteen  percent  of  the  cases  presented  implant
malposition.  Alignment  was  normal  in  76%  of  cases.  Intraprosthetic  range  of  motion  was  20.5◦(±  3)  in  the  cases  that  were  evaluated.  Bone  cysts  were  observed  in  33%  of  cases,  radiolun-
s  in  39%,  migration  of  the  tibial  component  in  5%  and  migration  ofcencies in  72%,  ossiﬁcationthe talar  component  in  27%.  The  latter  were  correlated  to  a  range  of  motion  of  less  than  15◦.
Additional  surgery  was  necessary  in  8%  of  cases  to  revise  implants  and/or  for  conversion  to
arthrodesis.
∗ Corresponding author. Tel.: +33 234 389 464, fax: +33 247 478 385.
E-mail address: jean.brilhault@med.univ-tours.fr (J. Brilhault).
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Discussion:  The  high  rate  of  radiolucencies  and  bone  cysts  at  a  mean  follow-up  of  2.8  years  is
of concern  and  these  arthroplasties  should  be  closely  monitored.  Stiff  ankles  seemed  to  be  at
a higher  risk  for  subsidence.
Level  of  evidence:  IV  —  Retrospective  study.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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described  as  I +  A.  Each  of  these  zones  was  deﬁned
according  to  its  tibial  (T)  or  talar  (t)  location.  Finallyntroduction
otal  ankle  arthroplasty  (TAA)  has  become  a  viable  alter-
ative  to  ankle  arthrodesis  for  the  treatment  of  end
tage  ankle  osteoarthritis  thanks  to  the  clinical  results
btained  with  three-component  mobile-bearing  implants
1—3].  Although  the  literature  has  conﬁrmed  the  short
nd  intermediate  term  efﬁcacy  of  mobile-bearing  TAA,
he  development  of  progressive  periprosthetic  bone  cysts
hreatens  the  long-term  survival  of  these  implants  [4—7].
e  evaluated  the  quality  of  arthroplasty  procedures  and
ssessed  the  radiological  course  of  TAA  performed  by  its
embers  for  the  TAA  symposium  organized  by  the  French
estern  Orthopedic  Society  (Société  d’orthopédie  de
’Ouest)  at  its  2011  annual  meeting.
aterials and methods
his  was  a  retrospective  multisurgeon  and  multicenter  study
f  173  cases  that  underwent  complete  radiographic  assess-
ent  at  ﬁnal  follow-up.  The  study  included  167  patients  (six
ilateral  cases)  who  underwent  surgery  between  January
997  and  July  2010  in  eight  centers  (Tours,  Angers,  Limo-
es,  Nantes  and  Brest  University  Hospital  Centers  (CHU)  as
ell  as  clinics  in  Poitiers,  Blois,  Angers  and  Bordeaux).  The
inimum  follow-up  was  6  months.  The  population  included
8  males  and  69  females,  mean  age  63  years  old  (±  12;
7—88).  The  initial  diagnosis  was  ankle  osteoarthritis  (AO)
n  78%  of  the  cases:  primary  AO  in  25%,  post-traumatic  AO  in
7%  and  AO  secondary  to  chronic  instability  in  18%.  Thirteen
ercent  of  the  cases  were  due  to  a  rheumatoid  arthropa-
hy  (RA).  Preoperative  and  intermediate  radiographs  were
vailable  in  138  cases.  The  study  included  different  implant
esigns:  82  SaltoTM,  41  HintegraTM,  19  AESTM,  15  CoppeliaTM,
1  StarTM,  four  RamsesTM and  one  AkiléTM which  were
ll  three-component  mobile-bearing  systems.  Fixation  of
he  implants  was  cementless  except  for  CoppeliaTM and
amsesTM systems,  which  were  cemented.
Radiographic  assessment  included  standing  lateral  and
eary  views  [8].  Alignment  of  the  bone  segments,  com-
onent  position,  bone-component  size  mismatch  and
eriprosthetic  bone  abnormality  were  evaluated.  The  orien-
ation  of  the  tibial  pilon  was  measured  on  the  AP  radiograph
etween  the  tibial  axis  and  the  tangent  to  the  articu-
ar  surface  of  the  tibial  pilon  (angle  ).  The  orientation
f  the  talar  dome  was  measured  on  the  same  radiograph
etween  the  tibial  axis  and  the  tangent  to  the  talar  dome
angle  ).  At  the  ﬁnal  follow-up  these  same  angles  were
easured  in  relation  to  the  existing  implants  (Fig.  1A).  These
ngles  were  also  measured  on  healthy,  contralateral  ankles •n  50  cases  on  a  Meary  view.  This  provided  us  with  a  con-
rol  population  for  these  measurements.  The  orientation  of
he  tibial  component  was  measured  on  the  sagittal  plane
etween  the  tibial  axis  and  the  tangent  to  the  tibial  com-
onent  (angle  ).  The  orientation  of  the  talar  component
ould  not  be  precisely  measured.  Migration  of  the  tibial  com-
onent  was  deﬁned  as  over  2  mm  of  subsidence  and/or  a
ilt  of  more  than  5◦.  Migration  of  the  talar  component  was
eﬁned  as  over  2  mm  of  subsidence.  Fractures  were  noted
n  the  screws  in  HintegraTM implants.  Standing  dynamic  lat-
ral  views  in  plantar  ﬂexion  and  dorsiﬂexion  were  obtained
n  111  cases.  The  range  of  motion  was  measured  between
he  tibial  axis  and  a  line  connecting  the  posterior  pro-
ess  of  the  talus  and  the  dorsal  part  of  the  talar  head
rticular  surface  (Fig.  1B)  [9].  The  intraprosthetic  range  of
otion  was  divided  into  four  groups  according  to  degree
Table  1).
Periprosthetic  anomalies  were  analyzed  by  type  and  loca-
ion  (Table  2):
 different  types:  bone  cyst  (C)  deﬁned  as  a  clear  cir-
cumscribed  area,  radiolucency  (R)  deﬁned  as  a  clear
line  at  the  bone-implant  interface  and  ossiﬁcation  (O)
deﬁned  as  a  periprosthetic  heterotopic  bone  formation.
Radiolucencies  were  divided  into  reactive  radiolucencies
(clear  radiolucencies,  minimal  radiolucencies)  balloon-
like  radiolucencies  (crescent  shaped  radioluciencies  with
a  sclerotic  reaction)  and  true  radiolucencies  (Fig.  2).
Radiolucencies  were  evaluated  according  to  whether
they  covered  more  than  50%  of  the  bone—prosthesis
interface.  Due  to  the  lack  of  calibrated  radiographs,  sizes
bone  cysts  were  evaluated  as  large  or  small  depending
whether  their  largest  diameter  was  above  or  below  8  mm
in  comparison  to  the  implants.  Finally,  ossiﬁcations  were
grouped  according  to  their  location;
 describing  the  different  zones  was  difﬁcult  because  of  the
many  different  types  of  implant  designs.  We  limited  our
analyses  to  characteristics  that  were  common  to  all  the
implants:  the  bone—prosthesis  interface  (I)  and  the  com-
ponent  extension  of  ﬁxation  (A)  which  for  example  was
the  keel  for  the  SaltoTM implants  and  the  screws  of  the
anterior  shield  for  the  HintegraTM implants  (Fig.  3).  Bone
deﬁciency  at  the  junction  of  these  areas  was  described
as  mixed  (M).  Bone  abnormalities  in  several  zones  werethe  speciﬁcities  of  the  HintegraTM (v)  screw,  and  the
medial  rim  of  the  SaltoTM (r)  implant  were  also  taken  into
account;
 we  identiﬁed  visible  ﬁbular  notches  on  AP  views  (Fig.  3).
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Figure  1  A.  Orientation  of  joint  surfaces  on  standing  anteroposterior  (AP)  radiographs.  Orientation  of  the  tibial  pilon  and  the  tibial
component (angle  ).  Orientation  of  talar  dome  and  talar  component  (angle  ).  B.  Orientation  of  the  tibial  pilon  and  component  on
the sagittal  plane  (angle  ).  Measurement  of  intraprosthetic  range  of  motion  on  standing  dynamic  radiographs.
Table  1  Intraprosthetic  range  of  motion  divided  into  four  stages,  and  distribution  of  talar  component  subsidence  and  ossiﬁca-
tions in  relation  to  these  stages.
Stage  No.  of  cases  (111)  %  Talar  component  subsidence  Posterior  ossiﬁcation  %  Anterior  ossiﬁcation  %
A:  <  5◦ 4  3.5  0  1  25  0  0
B: 5◦—14◦ 31  28  9  15  48  7  23
C: 15◦—29◦ 53  48  4  13  24  4  8
•
•
w
1
eD: 30◦+  23  20.5  2  
Results
The  mean  ﬁnal  follow-up  was  34  months  (±  5,
6—156  months).  This  varied  according  to  the  type  of
implant:
• 86  months  (±  102,  11—156  months)  for  RamsesTM implants;
•  69  months  (±  42,  24—132  months)  for  CoppeliaTM
implants;
•  47  months  (±  10,  15—84  months)  for  AESTM implants;
•  30  months  (±  38,  6—120  months)  for  SaltoTM implants;
(
c
t
Table  2  Classiﬁcation  of  periprosthetic  bone  lesions  according  to
Bone  cyst  
Location  T:  Tibia  
t: talus  
Zone I:  implant  
A: area  of  ﬁxation  
M: mixed  
s: screw  r:  rim  
Size <  or  >  =  8  mm  10  43  3  13
 27  months  (±  1,  6—72  months)  for  HintegraTM implants;
 8  months  (±  12,  6—23  months)  for  StarTM implants.
Twenty-one  (12%)  of  the  173  cases  whose  radiographs
ere  assessed  for  this  study  underwent  revision  surgery.  In
3  of  the  21  cases  all  or  part  of  the  implant  was  revised.  In
ight  of  the  21  cases  an  ankle  arthrodesis  was  performed.Incorrect  placement  was  observed  in  26  of  the  173  cases
15%)  (Fig.  4).  In  three  of  the  26  cases  (12%)  one  of  the  two
omponents  was  front-to-back:  a  SaltoTM tibial  component  in
wo  cases,  and  an  AES  talar  component  in  one  case.  In  23  of
 type,  size  and  location.
Radiolucency  Ossiﬁcation
T:  Tibia  T:  Tibia
t:  talus  t:  talus
I:  implant  Anterior  or  posterior
A:  area  of  ﬁxation  Lateral  or  medial
M:  mixed
s:  screw  r:  rim
<  or  >  =  50%
S34  P.  Preyssas  et  al.
Figure  2  Classiﬁcation  of  radiolucencies.  Baloon-like  radiolucencies  (crescent  shaped  radiolucencies  with  a  sclerotic  reaction  on
the tibial  component,  left  ﬁlm),  reactive  radiolucencies  (slight  linear  clarity  on  the  tibial  component,  middle  radiograph),  true
radiolucencies (tibial  component,  right  radiograph).
Figure  3  Zones  of  bone  matrix  modiﬁcation.  Wurface  in
contact with  bone  (I),  area  of  ﬁxation  (A),  modiﬁcation  at  the
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mplant  speciﬁcities:  medial  rim  of  the  SaltoTM implant  (r).
he  26  cases  (88%)  posterior  application  of  the  tibial  compo-
ent  was  insufﬁcient:  12  SaltoTM,  six  HintegraTM,  two  AESTM,
ne  StarTM,  one  RamsesTM and  one  CoppeliaTM implants.
hese  errors  required  revision  surgery  in  three  cases:  one  of
he  front-to-back  tibial  components  and  two  of  the  improp-
rly  seated  tibial  components  (this  involved  SaltoTM implants
n  both  cases).  Undersized  tibial  components  were  observed
n  both  radiographic  views  in  21  cases  and  oversized  compo-
ents  in  four  cases.  A  bone-component  size  mismatch  of  the
ibial  component  was  noted  on  a  single  radiographic  view  in
6  of  the  173  cases  (27%).  A  bone-component  size  mismatch
f  the  talar  component  was  observed  on  both  radiographic
t
t
d
siews  in  11  cases.  A  mismatch  of  the  talar  component  was
imited  to  a  single  radiographic  view  in  25  cases.  The  tibial
omponent  was  considered  to  be  well  aligned  in  84  of  the
73  cases  (49%)  and  malaligned  in  19  of  the  173  cases  (11%).
he  most  frequent  tibial  component  malposition  associated
ateralization  on  the  AP  radiograph  (57/173)  with  a  position
hat  was  too  anterior  on  the  lateral  radiograph  (39/173).  The
alar  component  was  considered  to  be  well  aligned  in  87  of
he  173  cases  (50%)  and  malaligned  in  15  of  the  173  cases
9%).  The  most  frequent  talar  component  malposition  asso-
iated  lateralization  on  the  AP  radiograph  (28/173)  with
 position  that  was  too  anterior  on  the  lateral  radiograph
49/173).  Both  components  were  considered  well  aligned  on
P  and  lateral  radiographs  in  45  of  the  173  cases  evaluated
26%).
Angle  measurements  on  AP  radiographs  are  presented  in
able  3.
Among  the  138  cases  with  preoperative  radiographs,
ell  aligned  ankles  (tibiotalar  angle  between  3◦ of  varus
nd  3◦ of  valgus)  increased  from  30%  preoperatively  to  76%
t  the  ﬁnal  follow-up.  Seventy  three  percent  of  all  TAA  in
he  series  (173  cases)  were  well-aligned  (tibiotalar  angle
etween  3◦ of  varus  and  3◦ of  valgus)  compared  to  77%  of
he  control  ankles  analyzed  on  Meary  views  (50  cases).  Five
f  the  ten  cases  with  a  preoperative  deformity  of  more
han  20◦ (19  varus  and  one  valgus)  presented  with  a  lift-off
n  standing  AP  radiographs  at  ﬁnal  follow-up.  Lift-off  was
bserved  in  13  of  the  173  cases  (7.5%)  of  the  entire  series:
1  cases  of  lateral  lift-off  (ﬁve  SaltoTM,  three  CoppeliaTM,
wo  AESTM and  one  HintegraTM implants)  and  two  cases  of
edial  lift-off  (one  RamsesTM and  one  CoppeliaTM implants).
ll  cases  (ﬁve  cases,  four  varus  and  one  valgus)  with  a
alalignment  over  9◦ at  ﬁnal  follow-up  had  a lift-off  that
ontributed  to  the  overall  malalignment.  Orientation  of  the
ibial  pilon  was  between  3◦ of  varus  and  3◦ of  valgus  in  73%
he  cases  (100  of  138  cases)  preoperatively  and  in  76%  of
he  cases  at  ﬁnal  follow-up  (105  of  138  cases).  However,  the
istribution  of  the  orientation  of  the  tibial  pilon  changed
igniﬁcantly.  Indeed,  the  percentage  of  cases  in  which  the
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Table  3  Distribution  of  orientation  of  articular  surfaces  and  implants  on  AP  view.
Angle  
preoperative
(%)
Angle  
postoperative
(%)
Angle  
postoperative
(%)
Angle  
témoin
(%)
Angle  
preoperative
(%)
Angle  
postoperative
(%)
Angle  
postoperative
(%)
Angle  
témoin
(%)
n =  138  n  =  138  n  =  173  n  =  50  n  =  138  n  =  138  n  =  173  n  =  50
Varus >  20◦ 7
16◦—19◦ 7  1
13◦—16◦ 5  1  1  1  1
10◦—12◦ 8 1  1  1  1
7◦—9◦ 10 4 4  6  1  2  3
4◦—6◦ 11 9 10 4 11 12 13 5
1◦—3◦ 6 38 34 28 27 32 30 18
0 4  10  13  14  13  16  14  27
Valgus 1◦—3◦ 20  28  26  35  33  28  30  42
4◦—6◦ 10  7  7  11  11  6  7  8
7◦—9◦ 6 1  2  2  3  2  1
10◦—12◦ 4 1  1  1
13◦—16◦ 1
16◦—19◦ 0
> 20◦ 1
Angle : angle between the physiological axis of the tibia and the tangent to the surface of the tibial pilon. Angle : angle between the
physiological axis of the tibia and the tanget to the talar dome. The distribution of angles is presented as a percentage of the reviewed
h (n =
t
b
3
S
5
rcases (n = 173), of cases with a preoperative standing AP radiograp
on Meary views (n = 50).
orientation  of  the  tibial  pilon  was  greater  than  3◦ of  valgus
decreased  from  15%  to  8%  while  at  the  same  time,  the
percentage  of  cases  above  3◦ of  varus  increased  from  12%  to
16%.  The  preoperative  tibial  slope  was  7.8◦ (±  0.7,  0—27◦)
and  decreased  to  5.7◦ (±  4.2,  (−6◦ to  −28◦)  postoperatively.
Finally,  the  mean  intraprosthetic  range  of  motion  in  the
111  cases  with  dynamic  radiographs  was  20.5◦ (±  3,  3◦—40◦).
Data  are  presented  in  Table  1.
One  or  more  bone  cysts  were  identiﬁed  in  57  of  the
173  cases  (33%)  at  the  ﬁnal  follow-up.  They  involved  the
q
M
u
8
Figure  4  Defective  SaltoTM implant  placement.  In  the  left  radiog
bone cyst  in  the  lateral  malleolus.  In  the  right  radiograph,  the  tibial  c 138) and of healthy controlateral ankles which could be analyzed
ibia  alone  in  33  cases,  the  talus  alone  in  15  cases  and  both
ones  in  nine  cases.  The  largest  diameter  was  over  8  mm  in
5  of  the  173  cases  (20%).  Bone  cysts  were  more  frequent  in
altoTM (33/82  cases,  40%)  and  AESTM implants  (10/19  cases,
2%)  with  bone  cysts  larger  than  8  mm  in  24  and  six  cases
espectively.  The  mixed  tibia  (MT)  zone  was  the  most  fre-
uent  location  for  bone  cysts  in  these  implants  (Fig.  5).  The
T  zone  was  especially  affected  in  SaltoTM implants  with  an
ncircumscribed  clear  area  in  12  cases  resulting  in  45  of  the
2  cases  (55%)  presenting  with  alterations  in  bone  trabecula
raph,  the  tibial  component  is  reversed  and  the  arrow  shows  a
omponent  is  incorrectly  ﬁtted  in  the  postoperative  radiograph.
S36  P.  Preyssas  et  al.
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oigure  5  Bone  cysts.  Bone  cysts  larger  than  8  mm  (left  radio
eel and  the  tibial  plate  in  the  SaltoTM implant.
t  the  junction  between  the  keel  and  the  tibial  plate  (Fig.  5).
one  cysts  of  the  lateral  malleolus  were  rare:  4/173  cases.
n  one  case  the  bone  cyst  was  associated  with  a  tibial
omponent  that  was  malpositioned  front-to-back  (Fig.  4).
One  or  more  radiolucencies  were  present  in  125  of
he  173  cases  (72%):  CoppeliaTM (14/15  cases,  93%),  AESTM
17/19  cases,  90%),  HintegraTM (34/41  cases,  83%),  StarTM
8/11  cases,  73%)  and  SaltoTM (59/82  cases,  72%)  implats.
adiolucencies  of  different  types  could  be  observed  in
 single  ankle.  They  were  reactive  alone  in  six  of  the
73  cases  (3%):  two  SaltoTM,  three  HintegraTM and  one  AESTM
mplants.  They  were  balloon-shaped  alone  in  11  cases  (6%):
even  SaltoTM,  two  HintegraTM,  one  AESTM and  one  StarTM
mplants.  No  balloon  shaped  radiolucencies were  observed
ith  cemented  implants  (CoppeliaTM or  RamsesTM).  Radi-
lucency  of  less  than  50%  of  the  interface  affecting  at
east  one  of  the  two  components  was  present  in  103  of
he  173  cases.  Tibial  radiolucencies  in  SaltoTM and  AESTM
mplants  were  balloon-shaped  in  46%  of  the  cases.  So-called
rue  radiolucencies  were  observed  in  Hintegra® tibial  com-
onents  which  was  speciﬁc  to  the  design  since  they  were
ocated  behind  the  anterior  tibial  shield  in  18  of  the  41  cases
44%).  These  radiolucencies  were  associated  with  a  posterior
ibial  ossiﬁcation  in  14  of  the  18  cases  (Fig.  6).  Anteropos-
erior  radiographs  of  the  talar  component  showed  small
adiolucencies  on  the  rims  of  the  component  in  46  of  the
73  (27%)  cases  (Fig.  6).  A  radiolucency  affecting  at  least  one
f  the  components  and  covering  more  than  50%  of  the  bone-
rosthesis  interface  was  observed  in  38  of  the  173  cases
22%):  CoppeliaTM 11  of  15  cases  (73%),  AESTM ﬁve  of  19  cases
26%),  RamsesTM one  of  four  cases  (25%),  SaltoTM 15  of
2  cases  (19%),  HintegraTM ﬁve  of  41  cases  (12%)  and  StarTM
ne  of  11  cases  (9%)  implants.  Six  of  these  cases  presented
ith  bipolar  radiolucencies  of  more  than  50%  including  two
hat  required  additional  surgery  to  revise  the  implant.
Fibular  notches  were  observed  in  47  of  the  173  cases
27%).  They  were  associated  with  a  tibial  component  that
h
t
T
ih).  Changes  in  the  bone  matrix  and  the  junction  between  the
as  too  lateral  or  oversized  in  27  cases.  In  one  case,
t  involved  the  imprint  of  the  polyethylene  meniscus.  In
5  cases,  the  notch  appears  to  have  been  caused  by  the  oscil-
ating  saw  during  surgery  (Fig.  3).  Finally,  in  four  cases,  no
pparent  cause  was  found.
Ossiﬁcations  were  observed  in  different  locations  (Fig.  7):
 posterior  tibial  ossiﬁcations  were  present  in  48  of
the  173  cases  (28%).  They  were  more  frequent  with
HintegraTM (17/41  cases,  41%)  and  SaltoTM (19/82  cases,
23%)  implants.  Lack  of  posterior  covering  of  the  tibia  by
the  tibial  component  was  observed  in  37  of  the  48  cases
(78%);
 anterior  ossiﬁcations  were  observed  in  19  of  the  173  cases
(11%)  and  were  more  frequent  in  AESTM (5/19  cases,  26%)
and  HintegraTM (5/41  cases,  12%)  implants  (Fig.  5);
 ossiﬁcations  along  the  medial  rim  of  the  tibial  com-
ponent  were  identiﬁed  on  AP  radiographs  in  27  of  the
173  cases  (16%),  with  a  higher  frequency  in  AESTM and
SaltoTM implants  (21%  each).  This  ossiﬁcation  was  asso-
ciated  with  a  balloon-shaped  radiolucency  in  50%  of  the
cases  in  SaltoTM implants  (Fig.  7);
distal  tibioﬁbular  joint  ossiﬁcations  were  observed  in  nine
of  the173  cases  (5%).
Migration  of  the  talar  component  (Fig.  8)  was  observed  in
7  of  the  173  cases  (27%).  The  different  types  of  implants  are
resented  in  Table  4.  In  nine  of  15  cases  (60%)  migration  was
bserved  in  implants  whose  intraprosthetic  range  of  motion
as  less  than  15◦. The  distribution  of  subsidience  in  rela-
ion  to  intraprosthetic  range  of  motion  is  shown  in  Table  1.
o  correlation  was  found  between  the  presence  or  the  lack
f  a screw  in  HintegraTM implants:  28  of  41  talar  components
ad  screw  ﬁxation,  including  four  that  presented  with  migra-
ion  compared  to  3/13  components  without  screw  ﬁxation.
hese  talar  component  migrations  required  revision  surgery
n  ﬁve  of  47  cases  (11%):  two  cases  to  revise  the  components
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Figure  6  Radiolucencies.  Hintegra® tibial  components  present  with  a  true  radiolucency  which  is  due  to  their  design  because  it  is
found along  the  tibial  shield  (left  radiograph).  Anteroposterior  (AP)  view  of  talar  component  with  small  radiolucencies  on  the  rim  of
the implant  (central  radiograph).  Radiolucency  associated  with  a  posterior  tibial  ossiﬁcation  and  tibial  and  talar  bone  cysts  (right
radiograph).
Figure  7  Ossiﬁcations.  Posterior  tibial  and  anterior  talar  ossiﬁcations  of  HintegraTM implant  (left  radiograph).  Ossiﬁcations  along
the medial  rim  of  the  SaltoTM tibial  component  (right  radiograph).
Figure  8  Migration  of  the  talar  component.  Subsidence  of  the  HintegraTM talar  component  observed  during  ﬁnal  follow-up  (right
radiograph).  Note  that  removal  of  implant  screw  ﬁxation  and  internal  screw  ﬁxation  of  the  medial  malleolus  was  performed  due
to persistent  unexplained  pain,  1  year  after  total  ankle  arthroplasty  (TAA).  Subsidence  of  the  tibial  component  occurred  after  the
screw as  removed.
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Table  4  Migration  of  talar  components.
CoppeliaTM SaltoTM HintegraTM AESTM RamsesTM AkiléTM StarTM Total
n =  15  n  =  82  n  =  41  n  =  19  n  =  4  n  =  1  n  =  11  n  =  173
Subsidence  9  7  3  5  2  1  0  27
Anterior tilt  0  10  2  1  0  0  0  13
Posterior tilt  0  3  2  0  0  0  0  5
Implant readjustment  0  1  2  0  0  0  0  3
Total 9 21  9  6  2  1  0  47
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nd  three  cases  for  arthrodesis.  Migration  of  the  tibial  com-
onent  was  observed  in  nine  of  the  173  cases  (5%):  three
altoTM,  two  CoppeliaTM,  one  HintegraTM,  one  RamsesTM,
ne  StarTM and  one  AkiléTM implants.  This  required  revision
urgery  in  six  cases  (66%):  three  components  were  revised,
ncluding  one  that  was  later  converted  to  arthrodesis,  and
hree  were  directly  converted  to  arthrodesis.
iscussion
fter  a  mean  follow-up  of  only  2.8  years  (±  5  months),  a
orrisome  proportion  of  TAA  (33%)  presented  with  early
one  cysts.  This  conﬁrms  recent  publications  on  the  sub-
ect  [4—7]. Although  SaltoTM and  AESTM implants  were  most
requently  affected,  the  short  follow-up  for  the  StarTM pros-
hesis  in  our  study,  and  the  presence  of  an  anterior  shield
n  the  HintegraTM implant  may  have  resulted  in  an  under-
stimation  of  the  percentage  of  bone  cysts  with  these  two
esigns.  The  bone  cysts  observed  in  our  study  never  resulted
n  TAA  failure.  Their  frequency  could  justify  the  pertinence
f  extended  ﬁxation  (keels)  as  long  as  most  bone  cysts
ere  not  in  contact  with  this  ﬁxation.  This  question  is
ssential  because  migration  of  the  tibial  component  is
specially  harmful.  Regular  radiographic  monitoring  of  com-
onents  is  therefore  essential  to  be  able  to  intervene  before
igration  occurs.  [2].
The  main  limitation  to  this  study  is  the  lack  of  repro-
ucibility  of  the  radiographic  assessments.  The  quality
f  radiographic  images  is  critical  for  precise  analysis  of
he  bone-component  interface,  periprosthetic  osteolysis,  as
ell  as  component  position.  Fluroscopy  should  be  used  to
enter  the  images,  and  sometimes  several  images  may  be
ecessary  to  separate  centering  on  the  tibial  component
rom  that  of  the  talar  component.  [10].
One  must  be  aware  of  the  radiological  ‘‘traps’’.
A  pseudo-radiolucency  on  the  AP  radiograph  if  the
osterior  part  of  the  tibial  component  is  not  tightly
eated.
Posterior  summation  effect  with  the  posterior  rim  of
he  ﬁbula  appearing  to  be  a  pseudoposterior  tibial  bone
yst.
Initial  radiolucencies  disappearing  with  impaction  when
eight  is  applied,  or  by  an  osteoconductive  effect  of  the
urface  material.
Although  CT  scan  was  not  used  for  evaluation  in  this
tudy,  several  CT  scans  were  recovered  which  conﬁrm  the
mportance  of  this  imaging  technique  in  the  follow-up  of
d
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ymptomatic  components,  as  shown  by  Hanna  et  al.  [11].
e  would  like  to  emphasize  the  central  role  of  CT  scan
Fig.  9)  both  preoperatively  and  during  follow-up  to  ana-
yze  bone  lesions  in  case  of  doubt,  in  particular  those
n  the  talus  as  mentioned  by  Besse  et  al.  [2]  at  the
ymposium  for  the  French  Association  of  Foot  Surgery  in
006.
The  other  limits  to  this  study  are  its  retrospective  design
nd  the  disparity  of  the  cohorts,  which  make  it  impossible  to
raw  conclusions  on  the  inﬂuence  of  the  type  of  prosthesis
n  the  results.  Evaluation  by  a  single  observer  and  the  lack
f  evaluation  of  the  reproducibility  of  the  classiﬁcation
f  periprosthetic  bone  lesions  which  we  developed  for
his  study,  made  it  impossible  to  validate  this  approach.
owever,  it  was  both  simple  to  use,  and  most  important,
ndependent  of  implant  designs.  There  were  nevertheless
ntrinsic  limits  to  this  approach  because  it  did  not  take  into
ccount  osteolytic  lesions  at  a  distance  from  the  implant  (in
articular  ﬁbular  bone  cysts),  or  non-circumscribed  oste-
lytic  lesions  which  were  frequently  observed  in  this  study.
The  osteolytic  lesions  observed  between  the  keel  and
he  tibial  base  plate  in  SaltoTM implants  raises  the  ques-
ion  of  their  relationship  with  bone  cysts  mainly  due  to
heir  location  [12]. Unfortunately  the  lack  of  follow-up
akes  it  impossible  for  us  to  provide  further  details  on  this
ssue.  Several  hypotheses  are  possible:  ineffective  keel  sta-
ilization,  a  radiological  artefact  linked  to  a  simultaneous
ontrast  effect  or  to  a  problem  of  contrast  windowing  which
s  more  frequent  in  digital  radiography,  as  well  as  whether
he  insertion  opening  of  the  tibial  keel  was  ﬁlled  or  not.  To
ur  knowledge  none  of  these  hypotheses  has  been  evalu-
ted.
Despite  the  high  percentage  of  periprosthetic  radiolu-
encies  (72%),  they  seem  to  be  less  serious  than  other
bnormalities.  Radiolucencies  only  appear  to  be  signiﬁcant
f  they  cover  more  than  50%  of  the  interface,  which  only
orresponded  to  22%  of  the  implants  in  our  study.  More-
ver,  the  total  number  was  increased  because  reactive
adiolucencies  were  included.  These  may  be  due  to  the
evelopment  of  a  ﬁbrous  matrix  at  the  bone-implant
nterface,  and  by  the  high  proportion  of  lesions  in  cemented
oppeliaTM implants.  The  presence  of  balloon-like  radiolu-
encies  in  cementless  implants  suggest  that  they  may  be
elated  to  the  porous-coated  interface.  They  have  been
eﬁned  as  osteolytic  lesions  by  Koivu  et  al.  [4]  and  this
aises  the  question  of  their  evolution:  will  they  progress
o  component  loosening  or  an  osteolytic  bone  cyst?  Finally,
f  the  bone-implant  interface  of  the  talus  is  difﬁcult  to
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analyze  on  lateral  views,  we  feel  that  it  is  important  to
have  a  detailed  analysis  of  the  rims  of  the  component  on  AP
radiographs  to  identify  the  signiﬁcance  of  radiolucencies
that  could  not  be  clearly  established  in  this  study.
Posterior  tibial  ossiﬁcations  were  the  most  frequent  bone
abnormality  observed  in  this  study  (28%).  They  were  difﬁcult
to  analyze  because  they  were  associated  with  an  ante-
rior  radiolucency  in  HintegraTM implants,  and  because  the
posterior  tibial  pilon  was  not  covered  by  the  tibial  base
plate.  The  literature  associates  this  with  stiffness,  (which
was  not  observed  in  our  series),  the  duration  of  surgery  and
post-traumatic  etiologies  [13]. These  ossiﬁcations  deserve
special  attention  to  determine  their  relationship  with:
the  mechanical  stress  of  implants,  capsular  traction  of
stiff  ankles,  and  to  determine  whether  they  are  merely
insigniﬁcant epiphenomena.
Although  the  results  of  TAA  are  very  satisfactory  for
realignment  of  the  tibiotalar  angle,  ankles  with  preop-
erative  frontal  plane  deformities  of  more  than  20◦ were
associated  with  instability  (conﬁrmed  by  radiographic  lift-
off  in  this  study)  as  reported  by  Hobson  et  al.  [14].
Therefore,  management  of  these  cases  requires  speciﬁc
expertise,  because  associated  surgical  procedures  are
necessary.
Migration  of  the  talar  component  was  observed  in
47/173  cases  (27%),  but  revision  surgery  was  only  neces-
sary  in  ﬁve  cases.  Bestic  et  al.  [15]  have  suggested  that
slight  changes  in  the  talar  component  can  be  detected
by  detailed  radiographic  analysis,  which  may  explain  the
important  number  of  anomalies  in  that  study.  Although
some  of  these  are  probably  associated  with  insufﬁcient
perioperative  impaction  resulting  in  secondary  readjust-
ment  of  the  implant  when  weight  was  applied  [16],
others  are  cases  of  true  progressive  migration  and  rep-
resent  a  real  threat  to  implant  survival.  We  observed  a
link  between  talar  subsidence  and  intraprosthetic  stiff-
ness  (Table  1),  which,  to  our  knowledge,  has  not  yet  been
described.  We  concluded  that  increased  stress  could  be  the
cause  of  these  cases  of  talar  subsidence,  and  that  it  is
important  to  monitor  these  cases  more  closely  in  clinical
practice.osing  and  analyzing  this  talar  bone  cyst  around  a  ﬁxation  screw
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